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`kmadCaFYRN/|M(N8vIL{ox`_gYRM adk$,GU_bY${]xL{o[Rh`k{oc
v1adxLYRN/fih`N/xLv	Nzao[RILN`kRaF:N/k\[m_wN8Yao[RI`Nv1N1cbcbYJ_bxXdadcbdN8|.£
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T¢NCN1kRadkmM(N/|ªYR_wM´h`cg{[R_badx:Y$[Ra)N	¥`{oM(_bx`N[mI`NN1 CN8v¡[Aad§,GUªad§UZH$saFkz|Z_w N1kmN1xi[AcbN1FN1cgYraol),<U
{dM(`cw_w[Rh:|ZNd:kRN8fih`N1xLv1W{dxL|`h`cgYRN¦$_g|X[RILY/£  aFkRNLkRN8v	_gY\N/cwWF:¦NxXh`M(N1km_bv/{ocbcwWYp[mhL|Z_bN/|[mI`N´|`N1CN1x
|`N1xLv1Nrao.[p¦a:N/k\aFkRM{dxLv	NtYRaZv	kmN/Y<[mIL{[JfihL{oxi[R_wW´[RI`Nzv1{o:{o^`_bcw_w[pWad.[RIL{dcb{dMhLYl[RakmN1cg{¤W´{:N/kR_baZ|Z_bv
|`N1Cadcg{okm_ '/_wx`e]_bx``hZ[8`¦$_[mIkRN8Y\CN/v	[$[Ra][RI`N[mI`kmN1N{d|nphLYp[{o^`cbN,GU)L{ok{oM(N1[RN1kY/£
,Ladk[mI`N®Yp[mhL|ZW aoz[RI`N®|ZN/:N/xL|ZN/xLv	N®adz),<U N1 CN8v¡[m_wFN1x`N8YRY(aFxÀY\[R_bMhLcb{o[R_badxÀL{ok{oM(N1[RN1kY/l¦+N
YR_bMh`cg{[mN/|)[RI`N´,GUY\_bedx:{oc{FYr{|ZN1Cadcg{okm_('1_bx`e(:N/kR_baZ|Z_bvY\M(aXao[mI`N/|YmfFh:{okmNz¦J{¤dNv1h`kRkmN1xi[t{d``cb_wN8|
[ma´N8{dvIUZH$sTv1N1cbc.M(aX|`N1c$¨YRN1N{oL:N/xL|Z_w¥adk$|ZN	[{o_bcbY<%¡£ T¢NY\_bMh`cg{[mN/|[RI`Nzh`cbc.M(aX|`N1c{okmWi_bx`e´[RI`N
aFcwcba¦$_bx`e]Y\[R_bMhLcb{o[R_badxL{ok{oM(N	[mN1kY $¨Ym{oM(N¤{dcwhLN/Yr{FYJkRN/:aFk\[mN/|^XW$h`^`_bxª{oxL|HN/kRM{dx¯±b²	³0%¡}
 `h`cgY\N{dM(`cw_w[Rh:|ZNd} ISTNHFS ∈ {0, 21.43, 42.86, 64.29, 85.71, 107.1, 128.6, 150.0,
171.4, 192.9, 214.3, 235.7, 257.1, 278.6, 300.0} pA(µm)2
@
 :N/kR_baZ|.} T STNHFS ∈ {3.00, 6.00, 20.0, 40.0}ms
Y\a][RI:{[tY\[R_bMh`cg{[m_waFx
kRN8fih`N1xLv1W
fSTNHFS ∈ {25.0, 50.0, 167, 333}Hz
@o{ox:|
 `h`cgY\N|`h`km{o[R_badx¾} wSTNHFS ∈ {0.150, 0.300, 0.600, 0.900}ms
£
QA`[R_bM({dclv	cb_wxL_bv/{oc<kRN8Y\hLc[Y{okmN´aF^Z[m{d_wx`N8|..adx{ox¢N1M(`_bkm_bv/{oc<^L{dYR_gY1¾YRN	[R[R_bx`e[RI`NL{dkm{dM(N	[RN/kmYAao+[RI`N
_bM(`cg{oxi[RN8|¯Y\[R_bMh`cg{[madk[ma $/C{okv	_g{N	[{oc5£oFF± ¤³0%¡}
1 − 5 V
$ {oM(`cb_[mhL|ZNS%	
120 − 180 Hz
$ÄkmN#
fih`N/xLv	W %{oxL|
0.060 − 0.200 ms
$`h`cgYRN)|Zh`k{[m_waFx&%¡£¢UXN1cbN/v	[RN/|!Yp[m_wM´h`cb{o[R_badx kmN/fih`N/xLv	_bN/Yadk]Y\_bM
hLcb{o[R_badxLYzk{ox`eFN/|ªaFN1kr[mI`N1k{oCN1h`[R_gvQ$(6pI`_bedIE8kRN8fih`N1xLv1W %t{dxL|®x`aFx5[RI`N/km{d:N/hZ[R_gvQ$(6pcba¦kmN/fih`N/xLv	W8 %
k{oxLedN/Y/£¾jlhLcbYRN$|Zh`k{[R_badx:Y¦N1kmNcb{dkReFN1k[RIL{dx[mI`NJadx`N8Y<hLY\N8|aFkGadZ[m_wM{oc`v1cw_bx`_gv1{dcikmN/YRh`cw[mY/oN	¥`v1N1Z[adk
[mI`Nv1{dYRN
wSTNHFS = 0.150 ms
£HJI`_bYI`a¦N1FN1k8F{dcwcba¦+N8|hLY+[Ra]hLYRNA{´M{¥Z_wM´h`M _bxF[mN1eFkm{o[R_badxY\[RN1{[
cbN/{FYp[$[mN1x[m_wM(N/YAY\M{dcwcbN1k$[mIL{ox[mI`NM(_bx`_wM´h`M `h`cgY\N|`h`km{o[R_badx¾L¦$I`_wcbNY\[R_bcwc^:N/_wxLe{o^`cbN[Ra:N/k\aFkRM
YR_bMh`cg{[m_waFxLYadx){dxaFkm|Z_bxL{dkRW(CN1kY\aFxL{oc.v	aFM(`hZ[RN/k/£ .+h`kmkmN1xi[J|`N1xLYR_[pW{o[r{´|Z_gY\[m{ox:v	Nao
1 mm
kmadM
{  N/|X[mkRaFx`_bv$Fd+*rM{Fv	kmaiN/cwN8v¡[mkRaZ|ZNJhLYRN/|´adk§IihLM({dx,GU]¦$_w[RI{YRh`kR¨{dv	N${dkRN8{Aad
6 mm2
L{FYRYR_wxLe
{]v	hLkRkmN1xi[Jao
3 mA
X_bYJN8Yp[m_wM{o[RN/|[Ra(^CN
250 pA
µm2
$aI'8{ox`aoFF(±b²/¤³0%¡£lHJILNzk{oxLedNtadY\[R_bMh`cg{[m_waFx
{dM(`cw_w[Rh:|ZNhLYRN/|adkrYR_wM´h`cb{o[R_badxLYJ¦J{dYJ_bx)[RI`_gY$adk|ZN/kadM{dedx`_w[RhL|`Nd£
1§{FvI!adt[RILN¢²¤o¯Yp[{[RN5{dkR_g{o^`cbN/Yaor[mI`NM(aX|`N1c$¦N1kmN_bx`_[m_b{dcw_('1N8|@[maO'/N1kma¯{o[
t = 0
£!q$Ä[mN1k
y:dN´YRN/v1adxL|LYrao§YR_bMh`cg{[mN/|[m_wM(N]_wxª[mI`NB6px`aFkRM{dcH8Y\[m{[mNdC_wxi[mkm{ KCzj<N_bx`I`_b^`_w[RaFkRWªv	aFx`x`N8v¡[R_badx:Yt{ox:|
Y\[Rkm_g{[m{dcG_wxLI`_w^L_[m_waFx ¦+N/kRN_bxLY\[m{oxi[{ox`N/adhLYRcwW¯Y\¦$_w[mvI`N8|¯[Ra[RILN26p:{okm«i_bxLYRadx`_g{oxE8]Yp[{[mNd£)HJIL_bYM(N8{oxLY
[mIL{[{[
t = 5000 ms
[RI`Nv1adxLY\[m{dxi[)Yp[mkR_g{[{oczv	h`kmkRN/xi[
IGPeapp
{oL`cw_bN/|½_wxi[Ra!N/{dvI Czj<N¢v	N1cbct¦J{dY
YR¦$_w[mvI`N8|(kRaFM
−0.5 pA(µm)2
$ 6\x`aFkRM{oc 8 %[Ra
−2.3 pA(µm)2
$(6pL{dkR«X_bxLYRadx`_g{ox+8 %<{ox:|_wxi[mkm{ KCzj<NtYRWXxL{oZ[m_bv
v1adxL|`hLv¡[{oxLv1N
gGPe→GPe
¦{FYY\¦$_w[mvILN/|kRaFM
1 nS(µm)2
$(6pxLadkmM({dcH8 %r[Ra
0 nS(µm)2
$(6p:{okm«i_bxLYRadx`_g{oxE8 %	£
qrÄ[RN/ktao[mI`N1ktyLdNYRN/v1adxL|LYraolYR_wM´h`cg{[R_badx_bx[RI`N 6p:{okm«i_bxLYRadx`_g{oxE8zYp[{[mNd,GUao§UZH$s ¦{FYJ[Rh`kmx`N8|
	 [
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 
	

 ! *
aFx{[
t = 10000 ms
£\T¿_[mI[RILNt`h`kmCaFYRNtao¾eFN	[R[R_bx`ekm_b|(ad¾[Rk{ox:Y\_bN1xi[§`ILN1x`aFM]N/xL{`i_bxfihL{oxi[R_wWX_wxLe
[mI`NrN1 CN8v¡[R_bdN/x`N/YmYGad.),GU(_wxkmN/Y\[RaFkR_bx`ez[RI:{ocg{oM(_bvrkRN8Y\CadxLYR_bdN1xLN/YmY[RaYRN1xLYRadkm_wM(ad[RadkG_bx``h`[/i¦+Nrh:Y\N8|
aFx`cbW[RI`NrYR_wM´h`cg{[R_badx´kRN8Y\hLc[Y<aoL[mI`NJcb{FYp[<yLFNYRN/v1adxL|LYadC{A[Rad[m{dcZaoL[mN1x(Y\N8v	aFxL|`Yao,GU]Y\_bMh`cg{[m_waFx
$kRaFM
t = 15000 ms
[Ra
t = 20000 ms
%	£
T¢NthLYRN/|{ox`ad[RI`N/k§CN1km_waZ|Z_gvrYRM]aXad[RI`N8|YRfihL{dkRNr¦J{¤dNrv1h`kmkRN/xF[G[maM(aZ|ZN1cCY\N/xLYRadkm_wM(ao[madkl_bx``h`[§[Ra
N8{dvI[RIL{dcb{dM]_gv]v	N1cbc5£]qtM]Lcw_w[RhL|`NdCN1km_baX|¾{oxL|¯`h`cgYRN(|`h`km{o[R_badx¯ao§[mI`_gYY\_bedxL{dc<¦+N/kRN]kRN8Y\CN/v	[R_bdN/cwW
$ YR{dM(N{ocbh`N/YA{dY$kmN1CadkR[RN8|^iW$h`^L_wx®{dxL|®HN1kmM({dx±w²1³
%	}
IThlSM = 8
pA
(µm)2

T ThlSM = 50 ms
$¨¦$I`_gvI
v1adkmkRN8Y\Cadx:|`Yl[ma
20 Hz
kRN8fFhLN1xLv1WE%J{dxL|
wThlSM = 5 ms
£
H¦+aCN1kRadkmM{oxLv1N]Ymv	aFkRN8Yt¦N1kmN´h:Y\N8|®[maN/{ocbhL{[mN(),GUN1 CN8v¡[m_wFN1x`N8YRY/}z{dxL;?7
	 I 4$
EI
%
{dxL|{ :<   :; 	&    ?   	 $ CV %¡£JHJI`N EI _gYr|ZN1yLx`N8|.:{FY$_wxª$hL^`_wx®{dxL|ªHN1kmM({dx $5oFo°%A±b²	³ {FYz[RI`N([mao[{ocGxXh`M^CN1kadN/kRkmadkYz|Z_wX_g|ZN/|¢^XWª[mI`N([Rad[m{ocGxXh`M´^:N/kao_wxL`hZ[´Y\[R_bMh`cb_5£H¦a[pWXCN/Yad
N/kRkmadkYG{okmNrv	aFh`xi[RN8|.}¨{dcbYRNrCaFYR_[m_wFN/Y+{oxL|(M(_gYRYRN/Y/£ ,:{ocgY\Nt:aiY\_w[R_bdN8Y§v	aFxLYR_bY\[§ao.M´h`c[m_wLcwNzY\`_b«dN8Yl{Ä[mN1k
[mI`NM(aFY\[kRN8v	N1xi[Y\[R_bMh`cbhLY`hLcbYRNd£  _gYRYRN/Y{dkRN]¨{d_wcbh`kmN/Yz[RakmN/YR:aFxL|¯¦$_[mI`_wx
10 ms
ad§[RILN(¨{ocbcw_bx`e
N8|ZedNao<[RI`N´M(aFY\[tkRN8v	N/xF[zYp[m_wM´h`cwh:Yr`h`cgYRNd£tq ^L{oxL|ad
± 1mV
{okmkRaFh`xL|{([RILkRN8Y\I`aFcb|ad
−35 mV¦J{dYhLY\N8|¢[Ra|`N	yLx`N{[RI:{ocg{oM(_bvv1N1cbcYR`_b«dNkmN/YR:aFxLYRNd£P $[RI`N[RIL{dcb{dM]_gvv1N1cbc§M(N1M´^`km{dx`NFadcw[m{oeFN
v1kRaiYRYRN/|yLkYp[Ah`{ox:|[RI`N/x®|Za¦$x[RI`_gYr^:{oxL|.:¦+N´{dYmY\h`M(N8|[RIL{o[A{YR`_w«FNkRN8Y\Cadx:Y\NIL{F|aZv1v	hLkRkmN/|.£
HJILN
CV
_gYt|ZN1yLx`N/|¾C{FYr_bxCzkR_bcwcN	[{oc5£ $5oFo°%z± ³ {dY$[mI`NY\[m{dxL|`{ok||ZN1X_g{[m_waFxªao<[RI`N´_wxi[mN1kY\`_b«dN
[m_wM(N(_bxF[mN1km{ocgYA|Z_bX_b|`N/|®^XW[mI`N1_bkM(N/{ox£HJI`_bYv1aiNv	_bN1xi[z_gY`kmadCaFYRN/|.^XWCzkm_wcbc<N	[{oc5£± ³5{FYA{
M(N8{dYRh`kRNadG¤{dkR_g{o^L_wcb_[pW){oxL|_bxZadkmM{[m_waFx®v	adxi[mN1xi[rao<[RILNadhZ[m`hZ[zaol{][RIL{dcb{dM(aXv1adkR[R_gv1{dcv	N/cwc5£F,`adk
[mI`N+v/{ocgv	h`cg{[m_waFxaoZ[mI`N
CV
¦N§h:Y\N8|[RI`NYR{dM(Nl^L{ox:|ao
± 1mV
{dkRkmadhLxL|A[RI`N§[RI`kmN/YRI`adcg|ad
−35 mV[ma|ZN	yLxLN{[RI:{ocg{oM(_bvv1N1cbc¾Y\`_b«dNzkmN/YR:aFxLY\NF£ 1§{dvI):N/k\aFkRM{ox:v	NYRv1adkmNA¦J{dYJv1{dcbv1h`cg{[RN8|aFk+[mI`N[p¦a
[mIL{ocg{oM(_gv´v1N1cbcbYad§[mI`NM(aX|`N1cl{ox:|®[mI`N{¤dN1k{oeFNadN/k^:ad[RIv	N1cbcgY¦{FYt[{o«FN1x¯{FYz[RI`N(CN1kRadkmM{oxLv1N
Ymv	aFkRN´{dYmY\aZv	_g{[mN/|[ma[mI`N]v1adkmkRN8Y\Cadx:|Z_wxLeYp[m_wM´h`cb{o[R_badx®:{ok{oM(N	[mN1kY1£qrcw[RI`aFh`edI
EI
{dxL|
CV
IL{¤dN
^CN1N/xÀ`kRaF:aiY\N8| {FYCN1kRadkmM({dxLv	NªYmv	aFkRN8Y[ma M(N/{dYRh`kmN[RIL{dcb{dM]aZv1adkR[R_gv1{oc$v1N1cbctkmN/YR:aFxLY\_bdN/x`N/YmY/l¦+N
M´hLY\[l^:Nt{¤¦J{okmN+[RIL{o[§^XW´|ZN1yLx`_w[R_badx([RILN1W´v/{oxYR_weFx`_wy:v1{dxF[mcwW´|Z_ N1k§adx([RILN$:N/k\aFkRM{ox:v	N$N1{dcwhL{o[R_badx¾£
T¿I`N/xCN1kRadkmM(_wx`et[RI`N8Y\NJYR_wM´h`cb{o[R_badxLY¦+N+adhLxL|[mIL{[adkGY\N/dN/km{dcdv	aFM^`_bxL{[m_waFxLYaoLY\[R_bMh`cg{[m_waFx
:{ok{oM(N	[mN1kY1.UZH$s yLkR_bx`e)¦{FYtx`ad[Y\[RkmadxLeN1x`aFh`edI[Ra|ZkR_bdNCzjl_lv	N/cwcgY{oxL|OCzjl_GkRN/M{o_bx`N/|®YR_bcwN/xF[
¦$_w[RI[RI`NJv	aFxLY\N8fih`N1xLv1NG[RI:{[[RIL{dcb{dMhLY¦{FY¾x`ad[_bx`I`_b^`_[mN/|´{[{dcwc5£<QtCv	adhLkmYRNG[RIL_bYcb{FYp[`_gv¡[RhLkRN+_bYx`ao[
v1adI`N/kRN/xi[¦$_w[RI$h`^L_wx{ox:|]HN1kmM{ox¾¬ Y`kmadCaFYRN/|´M]N8vIL{oxL_bYRM adkl),<U({Fv¡[m_waFx¾o¦$I`_gvI´_bM(`cb_wN8YFN	_ :
y:kR_bx`e(ao Czjl_5£UXh:Y\CN/v	[R_bx`e([RIL{o[r[RIL_bY$¦J{dYrkRN/cb{o[RN/|[Ra([mI`N¦J{¤W_bx¦$IL_bvI®UZH$s [maCzjl_YRWXxL{o`[R_gv1{oc
v1adx`xLN/v¡[m_waFxLY¦+N/kRN+`kmadedk{oM(N8|.¤¦+NM(aX|`_yLN8|[mI`NJ`kmai_g|ZN8|yLcbN_bx]adk|ZN1k[RaM(aZ|ZN1ci[RILN/YRNJYRWXxL{oCN/YRN/Y
_bx¢[RI`N)YR{dM]N¦J{¤W{FYkRN/:aFk\[mN/|¢^XW¯$hL^`_wx@{dxL|HN/kRM{dx¢_bx¿±b²¡³ $¨_ £ Nd£¦$_[mI[RI`N/_wka¦$xYRWXxL{o`[R_gv1{oc
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τThlr0 = 28 ms τ
Thl
r0 = 5 ms
σThlrτ = 10.5 mV σ
Thl
rτ = 15 mV
EI1 0.36 0.030
EI2 0.39 0.080
EI = EI1+EI22 0.37 0.055
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[ma
t = 20000 ms
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s(t) = S Y (sin (2πfinh(t − dinh))) (1 − Y (sin (2πfinh (t − dinh + winh))))
¦$ILN1kmN[RI`NYR_weFM]aF_b|L{oclhLxLv¡[m_waFx
Y (·)
IL{FY[mI`NaFkRM
Y (·) =
(
1 + exp
(
− ·
σY
))
−1 ¦$_w[RI
σY =
0.001
£(HJI`N{oM(`cb_[mhL|ZN
S = 2.5
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iexc(t) = Iexc Y (sin (2πfexc(t − dexc))) (1 − Y (sin (2πfexc (t − dexc + wexc))))
¦$ILN1kmN
Iexc = 8
pA
(µm)2

Texc = 25 ms
$¦$I`_gvIv1adkmkRN8Y\CadxL|LYJ[Ra
40 Hz
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wexc = 5 ms
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t = 8000 ms
£
[\[ Ñ]_^?`?a?b
²8  F=:_
hLkRNªYRI`a¦rY[mI`N
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∀j ∈ {1, . . . , 8} :
d
dt
v
STN,j
M =
−i
ST N,j
L −i
ST N,j
Na −i
ST N,j
K −i
STN,j
AHP −i
ST N,j
Ca −i
ST N,j
T −i
ST N,j
GP e→STN +jI
ST N
0
+iST N,jHF S
CSTNM
d
dt
hSTN,j = φSTNh
hST N
∞
(vST N,jM )−h
STN,j
τSTN
h (v
STN,j
M )
d
dt
nSTN,j = φSTNn
nST N
∞
(vST N,jM )−n
STN,j
τSTNn (v
ST N,j
M )
d
dt
rSTN,j = φSTNr
rSTN
∞
(vST N,jM )−r
STN,j
τSTNr (v
ST N,j
M )
[\[ Ñ]_^?`?a?b
²8  F=:_
d
dt
x
STN,j
Ca = φ
STN
xCa
εSTNxCa
(
−iSTN,jCa − i
STN,j
T − k
STN
Ca x
STN,j
Ca
)
d
dt
sSTN,j = αSTN
(
1 − sSTN,j
)
HSTN
∞
(
v
STN,j
M − θ
STN
g
)
− βSTNsSTN,j
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∀j ∈ {1, . . . , 8} :
d
dt
v
GPe,j
M =
−i
GP e,j
L −i
GP e,j
Na −i
GP e,j
K −i
GP e,j
AHP −i
GP e,j
Ca −i
GP e,j
T −i
GP e,j
GP e→GP e−i
GP e,j
ST N→GP e+jI
GP e
0
+IGP eapp
CGPM
d
dt
hGPe,j = φGPh
hGP
∞
(vGP e,jM )−h
GP e,j
τGP
h (v
GP e,j
M )
d
dt
nGPe,j = φGPn
nGP
∞
(vGP e,jM )−n
GP e,j
τGPn (v
GP e,j
M )
d
dt
rGPe,j = φGPr
rGP
∞
(vGP e,jM )−r
GP e,j
τGPr
d
dt
x
GPe,j
Ca = ε
GP
xCa
(
−iGPe,jCa − i
GPe,j
T − k
GP
Ca x
GPe,j
Ca
)
d
dt
sGPe,j = αGP
(
1 − sGPe,j
)
HGP
∞
(
v
GPe,j
M − θ
GP
g
)
− βGPesGPe,j
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∀j ∈ {1, . . . , 8} :
d
dt
v
GPi,j
M =
−i
GP i,j
L −i
GP i,j
Na −i
GP i,j
K −i
GP i,j
AHP −i
GP i,j
Ca −i
GP i,j
T −i
GP i,j
ST N→GPi+I
GP i
app
CGPM
d
dt
hGPi,j = φGPh
hGP
∞
(vGP i,jM )−h
GP i,j
τGP
h (v
GP i,j
M )
d
dt
nGPi,j = φGPn
nGP
∞
(vGP i,jM )−n
GP i,j
τGPn (v
GP i,j
M )
d
dt
rGPi,j = φGPr
rGP
∞
(vGP i,jM )−r
GP i,j
τGPr
d
dt
x
GPi,j
Ca = ε
GP
xCa
(
−iGPi,jCa − i
GPi,j
T − k
GP
Ca x
GPi,j
Ca
)
d
dt
sGPi,j = αGP
(
1 − sGPi,j
)
HGP
∞
(
v
GPi,j
M − θ
GP
g
)
− βGPisGPi,j
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∀j ∈ {1, 2} :
d
dt
v
Thl,j
M =
−i
T hl,j
L −i
T hl,j
Na −i
T hl,j
K −i
T hl,j
T −i
T hl,j
GP i→T hl
+iT hl,jSM
CThlM
d
dt
hThl,j = φThlh
hThl
∞
(vT hl,jM )−h
Thl,j
τThl
h (v
T hl,j
M )
d
dt
rThl,j = φThlr
rThl
∞
(vT hl,jM )−r
Thl,j
τThlr (v
T hl,j
M )
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∀j ∈ {1, . . . , 8} :
i
STN,j
L = g
STN
L
(
v
STN,j
M − V
STN
L
)
i
STN,j
Na = g
STN
Na
(
mSTN
∞
(
v
STN,j
M
))3
hSTN,j
(
v
STN,j
M − V
STN
Na
)
i
STN,j
K = g
STN
K
(
nSTN,j
)4
(
v
STN,j
M − V
STN
K
)
i
STN,j
AHP = g
STN
AHP
(
v
STN,j
M − V
STN
K
)
x
ST N,j
Ca
x
STN,j
Ca
+kST N
1
i
STN,j
Ca = g
STN
Ca
(
sSTN
∞
(
v
STN,j
M
))2 (
v
STN,j
M − V
STN
Ca
)
i
STN,j
T = g
STN
T
(
aSTN
∞
(
v
STN,j
M
))3
(
bSTN
∞
(
rSTN,j
))2
(
v
STN,j
M − V
STN
Ca
)
i
STN,j
GPe→STN = gGPe→STN
(
v
STN,j
M − VGPe→STN
)
s
STN,j
GPe→STN
i
STN,j
HFS =



ISTNHFS Y
(
sin
(
ωSTNHFSt
)
− aSTNHFS
) $ HN/kRM{dx¾¬ Y+yLcbNS%
ISTNHFS Y
(
sin
(
2πt
T STN
HF S
))
(
1 − Y
(
sin
(
2π(t+wSTNHF S)
T ST N
HF S
)))
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∀j ∈ {1, . . . , 8} :
i
GPe,j
L = g
GP
L
(
v
GPe,j
M − V
GP
L
)
i
GPe,j
Na = g
GP
Na
(
mGP
∞
(
v
GPe,j
M
))3
hGPe,j
(
v
GPe,j
M − V
GP
Na
)
i
GPe,j
K = g
GP
K
(
nGPe,j
)4
(
v
GPe,j
M − V
GP
K
)
i
GPe,j
AHP = g
GP
AHP
(
v
GPe,j
M − V
GP
K
)
x
GP e,j
Ca
x
GP e,j
Ca
+kGP
1
i
GPe,j
Ca = g
GP
Ca
(
sGP
∞
(
v
GPe,j
M
))2 (
v
GPe,j
M − V
GP
Ca
)
i
GPe,j
T = g
GP
T
(
aGP
∞
(
v
GPe,j
M
))3
rGPe,j
(
v
GPe,j
M − V
GP
Ca
)
i
GPe,j
GPe→GPe = gGPe→GPe
(
v
GPe,j
M − VGPe→GPe
)
s
GPe,j
GPe→GPe
i
GPe,j
STN→GPe = gSTN→GPe
(
v
GPe,j
M − VSTN→GPe
)
s
GPe,j
STN→GPe
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∀j ∈ {1, . . . , 8} :
i
GPi,j
L = g
GP
L
(
v
GPi,j
M − V
GP
L
)
[\[ Ñ]_^?`?a?b
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i
GPi,j
Na = g
GP
Na
(
mGP
∞
(
v
GPi,j
M
))3
hGPi,j
(
v
GPi,j
M − V
GP
Na
)
i
GPi,j
K = g
GP
K
(
nGPi,j
)4
(
v
GPi,j
M − V
GP
K
)
i
GPi,j
AHP = g
GP
AHP
(
v
GPi,j
M − V
GP
K
)
x
GP i,j
Ca
x
GP i,j
Ca
+kGP
1
i
GPi,j
Ca = g
GP
Ca
(
sGP
∞
(
v
GPi,j
M
))2 (
v
GPi,j
M − V
GP
Ca
)
i
GPi,j
T = g
GP
T
(
aGP
∞
(
v
GPi,j
M
))3
rGPi,j
(
v
GPi,j
M − V
GP
Ca
)
i
GPi,j
STN→GPi =



gSTN→GPi
(
v
GPi,j
M − VSTN→GPi
)
Y
(
v
GPi,j
STN→GPi − θSTN→GPi
) $¨HN1kmM{ox¾¬ YyLcbNS%
gSTN→GPi
(
v
GPi,j
M − VSTN→GPi
)
s
GPi,j
STN→GPi
$5QAh`krYR_bMh`cg{[m_waFxLY %
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∀j ∈ {1, 2} :
i
Thl,j
L = g
Thl
L
(
v
Thl,j
M − V
Thl
L
)
i
Thl,j
Na = g
Thl
Na
(
mThl
∞
(
v
Thl,j
M
))3
hThl,j
(
v
Thl,j
M − V
Thl
Na
)
i
Thl,j
K = g
Thl
K
(
0.75
(
1 − hThl,j
))4
(
v
Thl,j
M − V
Thl
K
)
i
Thl,j
T = g
Thl
T
(
pThl
∞
(
v
Thl,j
M
))2
rThl,j
(
v
Thl,j
M − V
Thl
T
)
i
Thl,j
GPi→Thl = gGPi→Thl
(
v
Thl,j
M − VGPi→Thl
)
s
Thl,j
GPi→Thl
i
Thl,j
SM = I
Thl
SM Y
(
sin
(
2π(t−dT hlSM)
T T hl
SM
)) (
1− Y
(
sin
(
2π(t−dT hlSM +wThlSM )
T T hl
SM
)))
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mSTN
∞
(·) = 1
1+exp 	 − ·−θST Nm
σST Nm 

hSTN
∞
(·) = 1
1+exp 	 ·−θST Nh
σST N
h 

nSTN
∞
(·) = 1
1+exp 	 − ·−θST Nn
σST Nn 

sSTN
∞
(·) = 1
1+exp 	 − ·−θST Ns
σST Ns 

aSTN
∞
(·) = 1
1+exp 	 − ·−θST Na
σST Na 

bSTN
∞
(·) = 1
1+exp 	 − ·−θST Nb
σST N
b 
 −
1
1+exp 	 θST Nb
σST N
b 
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rSTN
∞
(·) = 1
1+exp 	 ·−θST Nr
σST Nr 

τSTNh (·) = τ
STN
h0 +
τSTNh1
1+exp 	 ·−θST Nhτ
σST N
hτ 

τSTNn (·) = τ
STN
n0 +
τSTNn1
1+exp 	 ·−θST Nnτ
σST Nnτ 

τSTNr (·) = τ
STN
r0 +
τSTNr1
1+exp 	 ·−θST Nrτ
σST Nrτ 

HSTN
∞
(·) = 1
1+exp 	 − ·−θST NgH
σST N
gH 
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mGP
∞
(·) = 1
1+exp 	 − ·−θGPm
σGPm 

hGP
∞
(·) = 1
1+exp 	 ·−θGPh
σGP
h 

nGP
∞
(·) = 1
1+exp 	 − ·−θGPn
σGPn 

sGP
∞
(·) = 1
1+exp 	 − ·−θGPs
σGPs 

aGP
∞
(·) = 1
1+exp 	 − ·−θGPa
σGPa 

rGP
∞
(·) = 1
1+exp 	 ·−θGPr
σGPr 

τGPh (·) = τ
GP
h0 +
τGPh1
1+exp 	 ·−θGPhτ
σGP
hτ 

τGPn (·) = τ
GP
n0 +
τGPn1
1+exp 	 ·−θGPnτ
σGPnτ 

HGP
∞
(·) = 1
1+exp 	 − ·−θGPgH
σGP
gH 
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mThl
∞
(·) = 1
1+exp 	 − ·−θT hlm
σT hlm 

hThl
∞
(·) = 1
1+exp 	 ·−θT hlh
σT hl
h 

pThl
∞
(·) = 1
1+exp 	 − ·−θT hlp
σT hlp 
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rThl
∞
(·) = 1
1+exp 	 ·−θT hlr
σT hlr 

aThlh (·) = a
Thl
h0 exp
(
−
·−θThlah
σT hl
ah
)
bThlh (·) =
bT hlh0
1+exp 	 − ·−θT hlbh
σT hl
bh 

τThlh (·) =
1
aT hl
h
(·)+bT hl
h
(·)
τThlr (·) = τ
Thl
r0 + τ
Thl
r1 exp
(
−
·−θThlrτ
σT hlrτ
)
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Y (·) = 1
1+exp

−
·
σY 
    #3&    .) )#-   
0/ /21 ¾ º   ¶  º >@A













s
STN,1
GPe→STN
s
STN,2
GPe→STN
s
STN,3
GPe→STN
s
STN,4
GPe→STN
s
STN,5
GPe→STN
s
STN,6
GPe→STN
s
STN,7
GPe→STN
s
STN,8
GPe→STN













=












0 1 0 0 1 0 0 0
1 0 0 0 0 1 0 0
0 0 0 1 0 0 0 1
0 0 1 0 0 0 1 0
0 1 0 0 0 1 0 0
1 0 0 0 1 0 0 0
0 0 1 0 0 0 0 1
0 0 0 1 0 0 1 0
























sGPe,1
sGPe,2
sGPe,3
sGPe,4
sGPe,5
sGPe,6
sGPe,7
sGPe,8












0/ /  ¾ º   ¶  º  ¶













s
GPe,1
GPe→GPe
s
GPe,2
GPe→GPe
s
GPe,3
GPe→GPe
s
GPe,4
GPe→GPe
s
GPe,5
GPe→GPe
s
GPe,6
GPe→GPe
s
GPe,7
GPe→GPe
s
GPe,8
GPe→GPe













=












0 1 1 0 0 0 0 0
1 0 0 0 1 0 0 0
0 0 0 1 0 0 0 1
1 0 1 0 0 0 0 0
0 0 0 0 0 1 1 0
0 1 0 0 1 0 0 0
0 0 1 0 0 0 0 1
0 0 0 1 0 0 1 0
























sGPe,1
sGPe,2
sGPe,3
sGPe,4
sGPe,5
sGPe,6
sGPe,7
sGPe,8












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












s
GPe,1
STN→GPe
s
GPe,2
STN→GPe
s
GPe,3
STN→GPe
s
GPe,4
STN→GPe
s
GPe,5
STN→GPe
s
GPe,6
STN→GPe
s
GPe,7
STN→GPe
s
GPe,8
STN→GPe













=












0 0 0 1 0 0 0 1
0 0 1 0 0 0 1 0
1 0 0 0 1 0 0 0
0 1 0 0 0 1 0 0
0 0 0 1 0 0 0 1
0 0 1 0 0 0 1 0
0 1 0 0 1 0 0 0
1 0 0 0 0 1 0 0
























sSTN,1
sSTN,2
sSTN,3
sSTN,4
sSTN,5
sSTN,6
sSTN,7
sSTN,8












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












v
GPi,1
STN→GPi
v
GPi,2
STN→GPi
v
GPi,3
STN→GPi
v
GPi,4
STN→GPi
v
GPi,5
STN→GPi
v
GPi,6
STN→GPi
v
GPi,7
STN→GPi
v
GPi,8
STN→GPi













=












1 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 1 0 0 0 0
0 0 0 0 1 0 0 0
0 0 0 0 0 1 0 0
0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 1

























v
STN,1
M
v
STN,2
M
v
STN,3
M
v
STN,4
M
v
STN,5
M
v
STN,6
M
v
STN,7
M
v
STN,8
M













$ HN/kRM{dx¾¬ Yy:cwN>%













s
GPi,1
STN→GPi
s
GPi,2
STN→GPi
s
GPi,3
STN→GPi
s
GPi,4
STN→GPi
s
GPi,5
STN→GPi
s
GPi,6
STN→GPi
s
GPi,7
STN→GPi
s
GPi,8
STN→GPi













=












1 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 1 0 0 0 0
0 0 0 0 1 0 0 0
0 0 0 0 0 1 0 0
0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 1
























sSTN,1
sSTN,2
sSTN,3
sSTN,4
sSTN,5
sSTN,6
sSTN,7
sSTN,8












$ QAh`krY\_bMhLcb{o[R_badxLY<%
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(
s
Thl,1
GPi→Thl
s
Thl,2
GPi→Thl
)
=
(
1 1 0 0 1 1 0 0
0 0 1 1 0 0 1 1
)












sGPi,1
sGPi,2
sGPi,3
sGPi,4
sGPi,5
sGPi,6
sGPi,7
sGPi,8












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  N1M´^`k{ox`Nv1{dL{dv1_[{oxLv1Nd}
jG{ok{oM(N	[mN1k l{ocbh`N
CSTNM 1
pF
(µm)2
 ¾N8{o«v1h`kRkmN1xi[$kmN1cg{[RN8|:{ok{oM(N	[mN1kY1}
jG{ok{oM(N	[mN1k l{dcwhLN
gSTNL 2.25
nS
(µm)2
V STNL −60 mV
 UXaZ|Z_bh`M&v1h`kRkmN1xi[$kmN1cg{[RN8|:{ok{oM(N	[mN1kY1}
jG{ok{oM(N	[mN1k l{dcwhLN
gSTNNa 37.5
nS
(µm)2
V STNNa 55 mV
θSTNm −30 mV
σSTNm 15 mV
θSTNh −39 mV
σSTNh 3.1 mV
τSTNh0 1 ms
τSTNh1 500 ms
θSTNhτ −57 mV
σSTNhτ 3 mV
φSTNh 0.75
 j<ao[m{FY\_bh`M v	h`kmkRN/xi[kmN1cg{[mN/|)L{ok{oM(N	[mN1kY1}
jG{ok{oM(N	[mN1k l{ocbh`N
gSTNK 45
nS
(µm)2
V STNK −80 mV
θSTNn −32 mV
σSTNn 8 mV
τSTNn0 1 ms
τSTNn1 100 ms
θSTNnτ −80 mV
σSTNnτ 26 mV
φSTNn 0.75
	 [
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 r_bedI5[RILkRN8Y\I`aFcb|v1{dcbv1_whLM v	h`kmkmN1xi[$kRN/cb{o[RN/|)L{dkm{dM]N1[RN/kmY/}
jG{ok{oM(N	[mN1k l{dcwh`N
gSTNCa 0.5
nS
(µm)2
V STNCa 140 mV
θSTNs −39 mV
σSTNs 8 mV
 ¾a¦	5[RI`kmN/YRI`aFcb|)H [pWXCNv/{ocgv	_bh`M&v1h`kmkRN/xF[JkmN1cg{[RN8|:{ok{oM(N	[mN1kY1}
jG{ok{oM(N	[mN1k l{dcwh`N
gSTNT 0.5
nS
(µm)2
θSTNa −63 mV
σSTNa 7.8 mV
θSTNb 0.25 mV
σSTNb 0.07 mV
θSTNr −67 mV
σSTNr 2 mV
τSTNr0 7.1 ms
τSTNr1 17.5 ms
θSTNrτ 68 mV
σSTNrτ 2.2 mV
φSTNr 0.5
 .{ocgv	_bh`M {Fv¡[m_w{[mN/|ªFadcw[m{dedN# _bxL|ZN1CN1x:|ZN1xi[ 6R{Ä[mN1kmIiWXCN1km:aFcb{dkR_('/{o[R_badx+8Cao[m{FY\_bh`M v	hLkRkmN1xi[AkmN#
cb{o[RN8|):{ok{oM(N	[mN1kY1}
jG{ok{oM(N	[mN1k l{ocbh`N
gSTNAHP 9
nS
(µm)2
kSTN1 15
kSTNCa 22.5
pA
(µm)2
φSTNxCa 0.75
εSTNxCa 5 × 10
−5 (µm)
2
pA
(ms)−1
 UXWXxL{o`[R_gvYp[{[RN5{dkR_g{o^`cbN/Y+kmN1cg{[RN8|:{ok{oM(N	[mN1kY1}
jG{ok{oM(N	[mN1k l{ocbh`N
αSTN 5
βSTN 1
θSTNg 30 mV
θSTNgH −39 mV
σSTNgH 8 mV
[\[ Ñ]_^?`?a?b
d  F=:_
 q$ N1kmN1xi[tYRWix:{oZ[m_bvv	hLkRkmN1xi[mYJkmN1cg{[mN/|)L{ok{oM(N1[RN1kY/}
jG{dkm{dM]N1[RN/k l{ocbh`N
gGPe→STN 0.9
nS
(µm)2
VGPe→STN −100 mV
 .+adxLY\[m{dxi[v1h`kmkRN/xF[9$¨hLY\N8|¯[RaªMhLc[m_w`cbW^XW[RI`Nv1N1cbcG_wxL|`N	¥¯xXh`M´^:N/k[Raªv1kRN8{[RNYRcw_bedIi[_bM^L{dc 
{oxLv1NS%	}
jG{ok{oM(N	[mN1k l{ocbh`N
ISTN0 2
pA
(µm)2
 ,GUkmN1cg{[RN8|L{dkm{dM(N	[RN/kmY $ HN/kRM{ox¬ YyLcbNS%	}
jG{ok{oM(N	[mN1k l{dcwhLN
ISTNHFS 0
pA
(µm)2
$x`a,GU %B@
400 pA(µm)2
$¨,GU %
ωSTNHFS 0.5
rad
ms
aSTNHFS 0.9
 ,GUkmN1cg{[RN8|L{dkm{dM(N	[RN/kmY $ QAh`krY\_bMhLcb{o[R_badxLY<%¡}
jG{ok{oM(N	[mN1k l{dcwhLN
ISTNHFS 0
pA
(µm)2
$xLa,GU % @
21.43, 42.86, 64.29, 85.71, 107.1, 128.6, 150.0, 171.4,
192.9, 214.3, 235.7, 257.1, 278.6, 300.0 pA(µm)2
$ ,GU %
T STNHFS 3.00, 6.00, 20.0, 40.0ms
wSTNHFS 0.150, 0.300, 0.600, 0.900ms
0/ /   ¶  8 »  5J ¶ ! ! 
	Z ¶ » `¤  ¶  ¶ 
  N1M´^`k{ox`Nv1{dL{dv1_[{oxLv1Nd}
jG{ok{oM(N	[mN1k l{ocbh`N
CGPM 1
pF
(µm)2
 ¾N8{o«v1h`kRkmN1xi[$kmN1cg{[RN8|:{ok{oM(N	[mN1kY1}
jG{ok{oM(N	[mN1k l{dcwh`N
gGPL 0.1
nS
(µm)2
V GPL −55 mV
	 [
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 UXaZ|Z_bh`M&v1h`kRkmN1xi[$kmN1cg{[RN8|:{ok{oM(N	[mN1kY1}
jG{ok{oM(N	[mN1k l{dcwh`N
gGPNa 120
nS
(µm)2
V GPNa 55 mV
θGPm −37 mV
σGPm 10 mV
θGPh −58 mV
σGPh 12 mV
τGPh0 0.05 ms
τGPh1 0.27 ms
θGPhτ −40 mV
σGPhτ 12 mV
φGPh 0.05
 j<ao[m{FY\_bh`M v	h`kmkRN/xi[kmN1cg{[mN/|)L{ok{oM(N	[mN1kY1}
jG{ok{oM(N	[mN1k l{ocbh`N
gGPK 30
nS
(µm)2
V GPK −80 mV
θGPn −50 mV
σGPn 14 mV
τGPn0 0.05 ms
τGPn1 0.27 ms
θGPnτ −40 mV
σGPnτ 12 mV
φGPn 0.05
 r_bedI5[RILkRN8Y\I`aFcb|v1{dcbv1_whLM v	h`kmkmN1xi[$kRN/cb{o[RN/|)L{dkm{dM]N1[RN/kmY/}
jG{ok{oM(N	[mN1k l{dcwh`N
gGPCa 0.1
nS
(µm)2
V GPCa 120 mV
θGPs −35 mV
σGPs 2 mV
 ¾a¦	5[RI`kmN/YRI`aFcb|)H [pWXCNv/{ocgv	_bh`M&v1h`kmkRN/xF[JkmN1cg{[RN8|:{ok{oM(N	[mN1kY1}
jG{ok{oM(N	[mN1k l{dcwh`N
gGPT 0.5
nS
(µm)2
θGPa −57 mV
σGPa 2 mV
θGPr −70 mV
σGPr 2 mV
τGPr 30 ms
φGPr 1
[\[ Ñ]_^?`?a?b
d  F=:_
 .{ocgv	_bh`M {Fv¡[m_w{[mN/|ªFadcw[m{dedN# _bxL|ZN1CN1x:|ZN1xi[ 6R{Ä[mN1kmIiWXCN1km:aFcb{dkR_('/{o[R_badx+8Cao[m{FY\_bh`M v	hLkRkmN1xi[AkmN#
cb{o[RN8|):{ok{oM(N	[mN1kY1}
jG{ok{oM(N	[mN1k l{ocbh`N
gGPAHP 30
nS
(µm)2
kGP1 30
kGPCa 20
pA
(µm)2
εGPxCa 1 × 10
−4 (µm)
2
pA
(ms)−1
 UXWXxL{o`[R_gvYp[{[RN5{dkR_g{o^`cbN/Y+kmN1cg{[RN8|:{ok{oM(N	[mN1kY1}
jG{ok{oM(N	[mN1k l{ocbh`N
αGP 2
θGPg 20 mV
θGPgH −57 mV
σGPgH 2 mV
0/ /  ¶  ¶ ! !¨ 8º 8¸  	Z ¶ » <Z ¶  ¶ 
 UXWXxL{o`[R_gvYp[{[RN5{dkR_g{o^`cbN/Y+kmN1cg{[RN8|:{ok{oM(N	[mN1k8}
jG{ok{oM(N	[mN1k l{dcwh`N
βGPe 0.04
 q$ N1kmN1xi[tYRWix:{oZ[m_bvv	hLkRkmN1xi[mYJkmN1cg{[mN/|)L{ok{oM(N1[RN1kY/}
jG{dkm{dM]N1[RN/k l{ocbh`N
gGPe→GPe 1
nS
(µm)2
$x`aFkRM{dcZ%)@
0 nS(µm)2
$jG{okm«X_wxLYRadxL_b{dx&%
VGPe→GPe −80 mV
gSTN→GPe 0.3
nS
(µm)2
VSTN→GPe 0 mV
 .+adxLY\[m{dxi[v1h`kmkRN/xF[9$¨hLY\N8|¯[RaªMhLc[m_w`cbW^XW[RI`Nv1N1cbcG_wxL|`N	¥¯xXh`M´^:N/k[Raªv1kRN8{[RNYRcw_bedIi[_bM^L{dc 
{oxLv1NS%	}
jG{ok{oM(N	[mN1k l{dcwh`N
IGPe0 0.3
pA
(µm)2
 1G¥X[RN/kRxL{dc{oL`cw_bN/|v	hLkRkmN1xi[/}
jG{ok{oM(N	[mN1k l{dcwhLN
IGPeapp −0.5
pA
(µm)2
$¨x`adkmM{oc
%)@
−2.3 pA(µm)2
$jG{okm«X_wx:Y\aFx`_b{dx&%
0/ /  5+ ¶ ! !¨ 8º38¾¸ 
	Z ¶ » <Z ¶  ¶ 
 UXWXxL{o`[R_gvYp[{[RN5{dkR_g{o^`cbN/Y+kmN1cg{[RN8|:{ok{oM(N	[mN1kY1}
jG{ok{oM(N	[mN1k l{dcwh`N
βGPi 0.08
	 [

 
	

 ! d
 q$ N1kmN1xi[tYRWix:{oZ[m_bvv	hLkRkmN1xi[mYJkmN1cg{[mN/|)L{ok{oM(N1[RN1kY/}
j<{dkm{dM(N	[RN/k l{ocbh`N
gSTN→GPi 1
nS
(µm)2
VSTN→GPi 0 mV
θSTN→GPi 0 mV
 1G¥X[RN/kRxL{dc{oL`cw_bN/|v	hLkRkmN1xi[/}
jG{ok{oM(N	[mN1k l{ocbh`N
IGPiapp −1.2
pA
(µm)2
0/ /  @ 	 !¨ 5 ) ¶ ! !¨ <Z ¶  ¶ 
  N1M´^`k{ox`Nv1{dL{dv1_[{oxLv1Nd}
jG{ok{oM(N	[mN1k l{ocbh`N
CThlM 1
pF
(µm)2
 ¾N8{o«v1h`kRkmN1xi[$kmN1cg{[RN8|:{ok{oM(N	[mN1kY1}
jG{ok{oM(N	[mN1k l{dcwhLN
gThlL 0.05
nS
(µm)2
V ThlL −70 mV
 UXaZ|Z_bh`M&v1h`kRkmN1xi[$kmN1cg{[RN8|:{ok{oM(N	[mN1kY1}
jG{ok{oM(N	[mN1k l{ocbh`N
gThlNa 3
nS
(µm)2
V ThlNa 50 mV
θThlm −37 mV
σThlm 7 mV
θThlh −41 mV
σThlh 4 mV
aThlh0 0.128 (ms)
−1
θThlah −46 mV
σThlah 18 mV
bThlh0 4 (ms)
−1
θThlbh −23 mV
σThlbh 5 mV
φThlh 1
 j<ao[m{FY\_bh`M v	h`kmkRN/xi[kmN1cg{[mN/|)L{ok{oM(N	[mN1kY1}
jG{ok{oM(N	[mN1k l{ocbh`N
gThlK 5
nS
(µm)2
V ThlK −90 mV
[\[ Ñ]_^?`?a?b
F  F=:_
 ¾a¦	5[RI`kmN/YRI`aFcb|)H [pWXCNv/{ocgv	_bh`M&v1h`kmkRN/xF[JkmN1cg{[RN8|:{ok{oM(N	[mN1kY1}
jG{ok{oM(N	[mN1k l{dcwhLN
gThlT 5
nS
(µm)2
V ThlT 0 mV
θThlp −60 mV
σThlp 6.2 mV
θThlr −84 mV
$^LhZ[tY\N/Nx`ao[mN²z^CN1cba¦%
σThlr 4 mV
τThlr0 28 ms
$^`hZ[zY\N/NzxLao[RN´^CN1cba¦%
τThlr1 1 ms
θThlrτ −25 mV
σThlrτ 10.5 mV
$^`hZ[zY\N/NzxLao[RN8Y²{oxL|]^:N/cwa¦%
φThlr 2.5srad[RNr²F}A,`adk[mI`NlCN1kR[Rh`km^L{o[R_badxN	¥`{oM(`cbNG¦N<[RaXad«
θThlr = −79.8 mV
{oxL|
σThlrτ = 11.025 mV
£
srad[RNªZ},Ladk´[RI`NY\_bMhLcb{o[R_badx aoz{Q6p¨{dY\[ 8)H­v	h`kmkRN/xi[¦+N)[RaXaF«
τThlr0 = 5 ms
{oxL|
σThlrτ =
15 mV
£
 q$ N1kmN1xi[tYRWix:{oZ[m_bvv	hLkRkmN1xi[mYJkmN1cg{[mN/|)L{ok{oM(N1[RN1kY/}
jG{ok{oM(N	[mN1k l{dcwhLN
gGPi→Thl 0.15
nS
(µm)2
VGPi→Thl −85 mV
 UXN1x:Y\aFkR_bM(ao[RaFk$Y\_bedxL{dc.kRN/cb{o[RN8|L{dkm{dM]N1[RN/kmY/}
jG{ok{oM(N	[mN1k l{ocbh`N
IThlSM 8
pA
(µm)2
T ThlSM 25 ms
$ HN/kRM{ox¬ Y+yLcbNS% @
50 ms
$ QAh`krY\_bMhLcb{o[R_badxLY<%
wThlSM 5 ms
dThlSM 80 ms
 qrhZ¥Z_bcw_g{okmWYR_weFM(ad_g|`{och`x:v¡[R_badxkmN1cg{[mN/|)L{ok{oM(N	[mN1k8}
jG{ok{oM(N	[mN1k l{dcwh`N
σY 0.001
(  8ºX¹ ! ¶ » ¶98 /F UXCN/v	_g{oc[mIL{ox`«ZYeFa[Raªqtx`x`NON1hZ[mN1kzadkI`N/kz{dcwhL{d^`cbN]v1adxi[Rkm_w^LhZ[R_badxLY
[ma[mI`_gYkRN/:aFk\[{oxL|®adkI`N/kzCN1kYRadxL{dc_bxXdadcbdN/M(N1xi[A_bx¢YRh``CadkR[R_bx`e)[RI`_gYz¦+aFkR«£Pt¦+aFh`cb|¯{ocgY\a)cw_b«dN
[ma [RI:{ox`«À~F{Fv1fih`N8YrN/x`kRW {oxL|¿ON8|Zk/¬ 1§|`|`_wx`N¢qr_bxLYRN1^L{aFk[RILN1_bkedhL_b|`{dxLv	N¯{oxL| M{[mI`N1M{[m_bv/{oc
{F|ZX_bv1Nt|Zh`km_bx`eMW(_bxi[RN1kmxLYRI`_b¾£Ha´{dcwc:ao.[mI`N1M M´W´M(aFY\[YR_bxLv	N/kRNreFkm{o[R_w[RhL|`N$adk§[RI`N/_wkcwaFx`e  cg{dY\[R_bx`e
km_bN1xL|`YRI`_b¾£,_wxL{dcwcbWdZP+¦+aFh`cg|cb_w«FNA[ma[mIL{oxL«Ppst$Ppq¬ YJP­xi[mN1kmxL{[m_waFxL{ocCP­xi[RN1kmxLYRI`_bjlkmadeFkm{dM©aFkJ[RI`N
y:xL{oxLv1_b{dc¾Y\hL`:aFk\[$ad[mI`_bYr¦+aFkR«£
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_bxL{[mN/Y§L{[mI`adcbadeF_bv/{ocZ[mIL{ocg{oM(_gv$kRIXWi[RILM]_gv	_w[pW]_wx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Z£
±È¤³ON1x:{o^`_g|q£ l£bFj<aFcwcg{o«´j£b ¾aFh`dN8{ohq£bitN1x`kmWU£i{dxL|  NA$aFh`edN/M]aFxi[§~L£E.+adM^L_wx`N8|-$Ä[mIL{ocg{ 
M(ao[madM´W{oxL|Yp[m_wM´h`cg{[R_badx5%+Y\[RN/kRN/ao[{dv¡[m_bvAY\hLkReFN1kmWao[mI`N tP  [RIL{dcb{dM(_bvzxXhLv	cbN1h:Y§aFk$^`_bcb{o[RN1k{oc
jG{okm«X_wx:Y\aFx¾¬ YJ|Z_gYRN/{dYRNd£    E   	>=? ²/F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j<£w+CzN1km{dYRadx2.A£bdrad CM{oxLx  £wC{da  £  £wFradM(M(N1c  £¤N1[G{dc £ ¾aFx`e 
[mN1kmM YRh```kmN/YmYR_waFxad<[RkmN1M(adkr^XWvI`kRaFx`_gvYp[m_wM´h`cb{o[R_badxªad[mI`NFN1xi[Rk{oc¾_bxi[RN/kRM(N/|`_b{o[RN[RI:{ocg{oM(_bv
xXhLv1cwN/hLY1£\	 :<5¾²/F`²FiF*X}<°id  X°FF`£
± °o³2.+IL{dx`eLF~L£ ]£dOkm{d_wxUi[m_wM´h`cb{o[R_badx]adk+srN1hLkRaFcwaFed_gv1{ocZ{dxL|(j§YRWXvIL_b{o[Rkm_bv  _bYRadk|ZN1kY/.+h`kmkRN/xF[§Ui[{ 
[mhLYr{ox:|Q,LhZ[Rh`kmN  _wkmN/v	[R_badx¾£	    _?I:<
  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YRh`^Z[mIL{ocg{oM(ad:{ocbcw_g|`{ocx`N1[p¦+aFkR«ad[mI`N^L{FYR{dcCei{ox`eFcw_g{`£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± ³ C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